INTRODUCTION
In many orchards the crop of fruit is reduced in some years by inadequate pollination (Williams & Wilson 1970) . The chief agents of pollen transference are honeybees, the numbers of which the grower may augment by keeping or hiring colonies. Wild pollinating insects are also important, especially when, as is often the case, the numbers of honeybees are inadequate. It is desirable to know something of the relative merits of different species as pollinators of fruit blossom for the choice of candidates for protection and encouragement, or simply to assess their present contribution.
Various factors play a part in determining how effective a particular species is likely to be as a pollinator (Free 1970; Smith 1970) , including its frequency of movement from flower to flower and from tree to tree, and the extent to which it brushes against the anthers and stigmata when visiting a flower and feeding on pollen or nectar. The amount of pollen adhering to the body is obviously important in this connection, and this varies between species. Most small insects with smooth bodies carry little or no pollen, whereas large 'hairy' insects bear considerable amounts.
In this paper we are concerned only with the amounts of pollen on the insects' bodies. A complicating factor is that the foraging castes of the non-parasitic species of bees collect pollen into 'pollen baskets' on the hind legs. Honeybees and bumblebees moisten this load with nectar or honey, and normally it adheres well during foraging, and if dislodged it falls away en masse. This is less true of the pollen collected and carried in a dry mass on the hind legs of solitary bees. Nevertheless, as with honeybees and bumblebees, we have assumed that this pollen is not of much significance in pollination and have always removed the hind legs when they bore such a load before separating and counting the pollen dispersed over the rest of the body.
So far as we know, the only other work along these lines is by Lukoschus (1957) and Skrebtsova (1957) .* They estimated the amounts of pollen on the bodies of honeybees, using different methods of separating the pollen from that we adopted. Some of the honeybees examined by Lukoschus were from apple blossom. He examined some other insects, chiefly flies, but all were taken from Solidago canadensis L., which differs considerably from apple in its pollen and its flowering season (late summer). Skrebtsova (1957) examined honeybees frequenting the flowers of various crop plants, including a few from the blossom of certain fruits, and also estimated the amounts of pollen on different parts of their bodies.
METHODS
Insects visiting apple blossom were collected from orchards at Long Ashton in 1969 and 1970, at various times of day between 08.30 and 16.30 hours GMT. The cultivars were * Added in proof: See also Free & Williams, J. apple. Ecol. 9, 609-15 (1972) . chiefly Cox's Orange Pippin and Crawley Beauty, but a few insects were collected from varieties of cider apple. Each insect was caught by placing over it a clean glass specimen tube, which was then closed with a stopper. The insect was promptly anaesthetized with carbon dioxide, inserted through the hollow needle of a wine-cork remover using capsules of CO2 (Kendall & Wiltshire 1972) . The tubes were later taken to the laboratory and stored in a refrigerator until the insects were taken out for examination.
The separation of the pollen from the insects' bodies was preceded, in the case of bees with loaded pollen baskets, by the removal of the hind legs, which were discarded.
For removal of the pollen, each insect was held with forceps over a small flat-bottomed dish of transparent plastic 3 cm across the base; a fine jet of 70% ethyl alcohol was played over the entire surface of the insect, which was then held under the liquid in the dish and brushed with a small camel-hair brush; finally, the insect was lifted out of the liquid, and sprayed again with a jet of alcohol. The pollen was allowed to settle to the bottom of the dish, and stirred if necessary until it was evenly distributed there. The grains were counted through a dissecting microscope. When there were too many grains for a complete count to be practicable, a sampling disc, with concentrically arranged black areas representing 1/30 of the total, was centred under the dish, and only the grains over the darkened areas were counted (Solomon 1945 In order to check the efficiency of recovery of pollen from the insects by the above method, in a few instances we repeated the spraying and brushing to total three treatments instead of the standard one. In the third treatments little or no more pollen was recovered. Taking the total yield from the three treatments as 100%, we expressed the yield from the standard single treatment on the same scale. From the insects tested in this way, we usually recovered over 80% of the total pollen by the standard method, but lower percentages in some of the bumblebees (cf. Table 1 ). Whether this represents a lower, or a higher, percentage than would be available to be brushed off by the stigmata of blossoms, it is scarcely possible to determine.
In the course of counting the pollen grains, it was not possible to distinguish between apple pollen and that of other Rosaceae which might also have been visited by the insects. Since the insects were caught in apple orchards, probably most of the pollen of this type came in fact from apple, but a small proportion may have come from other sources-plum, pear, ornamental cherries and Malus spp. whose blossom period over-lapped the early part of the flowering period of apple, and hawthorn which flowered in the later part of this period. Lacking any brief and precise term for pollens coming perhaps from such diverse sources, although predominantly from apple, we have called it 'fruit pollen' in this account.
When other types of pollen, e.g. that of dandelion (Taraxacum officinale Weber), were present and distinguishable from the fruit pollen, the two sorts were separately assessed.
RESULTS
Statistics derived from the counts of pollen grains are shown in Table 2 . The insects are listed chiefly by species, but males, females and workers of the bees are distinguished, even when only one sex or caste was collected. When the amounts of pollen were small, the insects were sometimes not identified beyond genus or even family, and are entered under these.
The average amounts of pollen removed from different species, or taxa, are expressed as geometric means. This seemed appropriate since the figures for many of the species varied over a considerable range, and logarithmic transformation was required to give an approximation to the normal distribution. Correspondingly, the standard deviations given in the table are multiplicative, not additive.
The insects are listed in descending order of the mean number of fruit pollen grains they yielded (middle column of Table 2 ). The precise order of listing is of no significance, especially where species, or other taxa, are represented by only one or a very few specimens. When at least five specimens were examined, the significance of the difference from the mean number of fruit pollen grains recorded from other insects listed was tested by the use of the t-test on the logarithmic values. In the column of significance symbols (a, b, c,. . .), taxa with a letter in common had pollen counts that were not significantly different at the P == 0-001 level.
For convenience of reference, insects named in Table 2 are sub-divided into six groups according to the mean number of fruit pollen grains recorded from them. The upper limits of successive groups increase by a factor of five, as follows: F, 0-10; E, 11-50; D, 51-250; C, 251-1250; B, 1251-6250; A, 6251-31 250.
As would be expected, the upper groups (all of A and most of B) comprise mainly bees of various sorts. The honeybee comes a little above the middle of group B, and its fruit pollen score is significantly less than those of three members of group A, and significantly greater than those of most members of group C represented by five or more individuals.
Besides bees, group B includes certain of the 'hairier' flower-frequenting flies-species of Merodon, Myopa and Eristalis. Other species of Eristalis and of other syrphid genera appear in group C, together with two species of beetles and the lacewing Chrysopa.
Group D includes some of the smaller and smoother syrphid flies, together with a miscellaneous collection of beetles and other insects. Group E is chiefly a miscellaneous collection of flies. Group F is again a miscellaneous one, dominated by small flies and including some small beetles.
Of the eighty-four honeybees collected for examination, twenty-five were distinguished as pollen gatherers and forty-eight as nectar gatherers (eleven were not classified). The pollen gatherers had a mean score of 5099 fruit pollen grains (S.D. x3-4), the nectar gatherers 3295 (S.D. X3 2), a difference significant at the 5%Y but not at the 10% level of probability. As groups, both bore about 75% fruit pollen, but more individuals of the 
DISCUSSION
In posing the question 'How much pollen do various orchard insects bear on their bodies ?' we assumed that, within certain limits, an insect with a large amount of pollen will be a more effective pollinator than one with a small amount. This matter requires quantitative investigation; but in the present paper we are concerned simply with the amounts of pollen to be found on various insects. In order to prevent misinterpretation of the results set out in Table 2 , it may be as well to repeat that the precise order in which the different insects are placed is not significant, and that the sub-divisions A-F are arbitrary and adopted only for convenience of reference. Many of the different species falling near each other in the ranking do not differ significantly (at P = 0 001) in the amounts of fruit pollen found on them: this is shown by the symbols a-i in Table 2 . Among those that do differ significantly, it may be argued that differences in the date and time of collection of the individual specimens probably introduced a bias in favour of some species and against others, because of variations in weather conditions and in the amounts of pollen available in the blossoms at the time. Nevertheless, it seemed a reasonable policy to collect under these varied conditions and hope thus to get an idea of the natural variation in the amounts of pollen on the bodies of each species.
Another difficulty is that the extraction of pollen from the surface of the insects was incomplete, and more so with some species than with others (Table 1) .
Some species, or groups, are represented by a single specimen, others by two, three or four. The figures for these are of course very doubtful guides to the value of the insects concerned, and are included on the principle that a few preliminary figures are better than none.
Even with those taxa represented by enough specimens to give fair coverage of their range of variation as pollen bearers, the results relate to the conditions at Long Ashton in the springs of 1969 and 1970. In other regions, and to some extent in other years, the figures would no doubt be different. Our figures cannot be regarded as standard data for the species concerned, although they should have some value as a basis for quantitative comparisons between species. It follows from the above considerations that the results should be interpreted in a general way, and that not much significance should be attached to the details.
On the evidence of Table 2 , it seems that the females of Andrena haemorrhoa and A. coitana and the workers of the Bombus terrestrisllucorum group carry significantly more fruit pollen on their bodies than do honeybees, and may in that respect be more effective pollinators. Worker honeybees may be classed together with the other insects of group B and with Nomada and Hoplocampa in group C. Omitting species of which less than five specimens were examined, this section of the list includes various wild bees and some of the larger and hairier syrphid flies. Other species of these two types also occur in the remainder of group C, along with some smaller and smoother insects, carrying (on average for each species) a few hundred to somewhat over 1000 fruit pollen grains. The insects in the lower groups (D, E and F) seem of little value by comparison, and do not. in our experience occur on fruit blossom in such numbers as would be likely to compensate for their small individual contributions.
Referring to the two right-hand columns of Table 2 , it is seen that the high rating of the first few species in the list was achieved partly by a high degree of faithfulness to fruit pollen. Some others carried considerable quantities of pollen, but only a small portion was from fruit: notable examples are Eristalis pertinax and E. arbustorum in group C. A less striking instance is that of Bombus lapidarius females in group B; they bore a lot of pollen, but less than half of it was from fruit blossom.
It is possible to make some comparisons between our observations and those of the authors referred to on p. 627, in so far as they dealt with insects from the blossom of top fruit. Lukoschus (1957) examined nine honeybees from apple blossom, using bees with no pollen in the pollen baskets. The mean number of pollen grains per bee was 2774, closely similar to our (geometric) mean of 3295 for nectar gathering honeybees (p. 629). The proportion of apple pollen on their bodies was much higher than on our specimens. Skrebtsova (1957) examined only honeybees, and only three were from apple blossom. They bore 0 5, 3-7 and 3 95 millions of pollen grains respectively. This included the loads of pollen on the hind legs, but the distribution of pollen on the third specimen was checked and found to be 2-0, 1 2 and 075 millions of grains on the thorax, abdomen and hind legs respectively. A few specimens from pear, plum and various soft fruits were also examined and found to be carrying similarly large amounts of pollen, distributed in a roughly similar way. Skrebtsova's figures are greater than ours by a factor of some hundreds!
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SUMMARY
The amount of pollen (of the appropriate species) borne on the body of an insect is presumed to be an important factor influencing its value as a pollinator. Some 700 insects of more than seventy species were collected from the blossoms of apple trees at Long Ashton, and estimates made of the quantities of pollen carried on their bodies (excluding that in the pollen baskets of bees). The species (and sexes and castes of wild bees) are listed in Table 2 in descending order of the geometric mean number of fruit pollen grains on the body. The precise order of the taxa in the list is not significant; the significance, or otherwise, of the differences between taxa represented by five or more specimens is indicated in the table.
The specimens were collected at different times and at various phases of blossom and weather in 1969 and 1970 . If the mean pollen counts are nevertheless taken at face value, females of Andrena haemorrhoa and A. coitana and workers of Bombus terrestris+ lucorum bore significantly more fruit pollen (over 15 000 grains) than honeybee workers (mean about 4000), a number of other wild bees, and some of the larger and hairier syrphid flies. Insects with significantly less fruit pollen than this group included a few wild bees and the majority of syrphid flies. A number of small or smooth insects, including various flies and beetles, bore very few pollen grains.
